Process and target for calibration of digital Input devices 
Description 

This invention is about a process and a target for calibration of digital input devices - 
especially for calibration of scanners and digital cameras. 

While scanning or photographing a picture digitally, a set of data with information 
about the picture is built; an important part thereof is the color information. To achieve 
correctly corresponding colors of the motive within this set of data, it is necessary to 
calibrate such input devices, to get a similarity between the colors read by the scan- 
ner/camera into the data set, and the ones that are actually existing in the picture. 

These calibrations are processed with targets, especially called calibration targets con- 
taining a picture with color wedges as well as greyscale wedges. According to the actual 
technology, calibration targets are used, which are photographically exposed onto pho- 
topaper -thus representing colors from an RGB Colorgamut. These are wedges of 
neighboring, mostly rectangular or square fields of color, with every single RGB color 
of the RGB gamut (which result of a color mixture of the primary colors red, green and 
blue) existing only once. There is a great number ( IT8=288 ) of color fields ,with only 
slight variations of neighboring wedges with lightness, hue and saturation. 

As an example, when calibrating a scanner you first scan this calibration target and af- 
terwards correct the resulting set of data with a software that is mostly sold together 
with the calibration package containing the target. (Sometimes these even need manual 
corrections). By this, it shall be assured, that the actual colors can be defined later on in 
the workflow. These calibration processes and targets according to the actual technical 
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standard do have essential drawbacks. First of all the calibration suites available on the 
market are very expensive. Additionally this method of calibration inherits fundamental 
errors that result in sub-optimum accuracy. 

The large number of RGB wedges will result in a comparably large set of data, whose 
information at the calibration process are transferred into other intermediately used 
color models (L*A*B*) with cutoffs and rounding errors, which may result into a loss 
of Data and distortions of otherwise harmonic curves may occur. Result is an add up of 
so-called systemic noise, which essentially diminishes the quality of calibration. 

Further drawbacks of these calibrations are, that with every color being represented on 
the target only once, shift of lighting and thus resulting variation of illumination of the 
specific color field cannot be corrected. 

The goal of this presented invention is now to offer a process and a target for calibration 
of digital input devices, which eliminates the disadvantages of the existing level of 
technology. Especially the accuracy of calibration shall be improved and calibration of 
input devices like scanners or digital cameras shall be offered at reasonable cost. 

This task of acquiring a calibration picture with an input device and equalizing color 
values is solved with an inventive new process of using a calibration picture that con- 
sists of only industrially normed, printable colors according to print specifications. 

Thus the invention basically differs from the actual level of technology, by that the cali- 
bration picture uses no RGB based or produced colors, but only such colors that are 
printable, means are applied by printing technologies. These are in a preferred imple- 
mentation of the invention colors existing inside the CMYK 
(Cyan/Magenta/Yellow/Black) Color Gamut. 
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The advantage lies within the greater achievable exactness of color equalization at the 
calibration process, which results from a individual color space conversion into CMYK 
gamut. The amount of data will suffer no rounding losses or cutoffs. Conversions are 
reduced to a necessary minimum and color gradients will no more be harmed by distor- 
tions. 

With CMYK- printable colors an exact process control during the manufacturing of the 
calibration targets can be guaranteed. Printing the colors of the target with frequency- 
modulated screenings on CPC controlled printing presses of the latest generation will 
ensure production of large numbers of very exactly defined targets. These targets will 
show normed and corrected colors which are in accordance of visual and technological 
values of printing (for example Euroscale with Fogra BVD specifications ), simulating 
color value equations for any given standard print screening (for example 152,4 Ipi ). 

With a preferred implementation of the inventive process, a calibration picture is used, 
which contains only the most important gamut colors of the CMYK color space. This 
will ensure to limit the color-rendering amount and in return the resulting limited set of 
data is minimizing the systemic noise that occurs with the usage of RGB targets with a 
very large number of color fields (their big set of data will add multiple rounding errors 
and losses). Non-existing color values can be added arithmetically afterwards. Resulting 
ICC profiles will be more homogenous and harmonic, their datasets are in close accor- 
dance to industrial standards. The calibration target can be produced with offset- 
printing, especially sheet fed offset or rotary offset, gravure printing or screen printing 

One further advantage of the invention is the usage of a multiple, in this case tenfold 
repetition of the same color fields on different places on the target, whereas the meas- 
ured color data of these single color fields is averaged for the resulting color data set. 
Identical colors are placed in a special regular pattern, which offers the possibility to 
adjust for deviations of object illumination at the taking of digital photographs or illu- 
mination deviations with scanners, which may distort accuracy of measured data. Aver- 
aging will reduce this effect. The special advantage is that because of the reduced num.- 
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ber of colors on the calibration target, there is enough space available to repeat identical 
colors. This method is called RCC-method (Reductive/Repetitive Color Control). 

The invention further covers a target for calibration of digital input devices -especially 
scanner and digital cameras, with a pattern of different colors which are defined solely 
through normed, printable colors, which are described colors from the CMYK gamut. 
These colors may preferably contain only the most important gamut colors of the 
CMYK color space and according to a most valuable implementation, shall contain a 
multiple, in detail tenfold repetition of identical color fields on different locations of the 
target, whereas there is an equally homogeneous spread over the surface of the target. 
There is a possibility to print the colors with frequency-modulated screening. 

On the following drawings the invention will be explained further through a sample of a 
target (called „target") according to the specifications as explained before. 



The drawings show: 

Graph/Fig, 1 an empty target, placed into a system coordinates 

Graph/Fig 2 a Table I, with percentual values of Cyan, Magenta, Yellow and K 
(Black) in a finished target on the color fields; 

Graph/Fig 3 a Table II with percentage values of black in the grey-wedge 

Graph/Fig 4 to 7 color separations for the process colors Cyan, Magenta, Yellow and 
Black (K) for an inventive target in the color fields and in the grey- 
wedge. 
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The black and white graphs/fig. shall explain the spread of color on a target according to 
the invention. Graph/fig. 1 shows an empty calibration target, which holds system coor- 
dinates for the precise description of the individual fields. The target is divided into a 
color area ( Al to L22 ) and a grey-wedge area ( GS1 to GS24 ). 

The colors in the individual fields are definable with percentage values for Cyan , Ma- 
genta,Yellow and Black (K) , like shown in graph/fig. 2 (table I) for the color field and 
in graph/fig. 3 (table II) for the grey-wedge. According to the percentage of components 
there will result a color for each individual field. 

With this procedure for the first time a target according to the ANSI-norm will be set 
up as a 4 color CMYK target instead of a 3-color RGB target. The target inherits 264 
single color fields with each 26 colors and 19 grey-values starting with white to mil 
saturated black. The 26 main colors are elevenfold and the rest of the colors tenfold re- 
peated. The 3% and 100 % grey-values are repeated threefold. 

The pattern of the measuring fields is in accordance with the ANSI (American National 
Standard for Graphic Arts and Photography) -Standard IT 8.7/2 for measurement of 
input profiles for reflective targets. The used CMYK colors are logically and per se per 
definition identical to the gamut of the target color space that is again CMYK. As a sec- 
ond deduction without loss of color information, a 3 channel color space like L*A*B* 
or RGB can be derived. (For example with profile conversion in an ICC -capable stan- 
dard software or OPI systems or RIP software. 

This means, the inventive target can be read by all standardized tools capable for crea- 
tion of ICC profiles, independently of their respective manufacturer or the used CMM 
(Color Matching Module). 

Calibration and measurement of data is optimized for an IUuminant of D50 whereas 
output and print control takes place at D65. Because of the CMYK printing inks a very 
precise process control at the manufacturing of the targets can be achieved. 
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Because of the ten- e.g. elevenfold repetition of the color fields on the target ( placed 
with a defined pattern) .eventual exposure and lighting variations , which could distort 
the measurement data , are averaged and thus much more precise (RCC = Repeti- 
tive/Reduktive Color Control). The limitation of the read color values to the most im- 
portant gamutcolors of the CMYK color space, leads to an uncut readout and translation 
of data from RGB color space into CMYK target colorspace with one single color space 
conversion. By this, additional transformations into intermediate colorspaces like 
L*A*B* are reduced to an absolute minimum. This means, because the usage of a re- 
duced set of data, the „systemic noise" results into an absolute minimum and the pro- 
duced ICC profiles, though they are fully according to the industry standards datawise, 
will be mentionable more homogeneous and harmonic than with the common RGB tar- 
gets. The color output simulates offset values according to print standards 
(in this case - Fogra /BVD Euroscale) 

The graphs/figures 4 to 7 show color separations for the individual Process colors (Fig. 
4: Cyan; Fig. 5: Magenta; Fig. 6: Yellow; Fig. 7: Black (K)) of the inventive target. 
If in a single field for a process color the field is completely white, it means, that the 
according color is represented with 0 % in this field. Completely black fields are point- 
ing to the fact that there is a representation of 100 % of the respective process color. 
Intermediate values mean accordingly corresponding color mixtures, 
(for example 50 % black/grey mean 50 % of the respective process color ) 



